Abstract. Intrinsic color indices of stars of different spectral and luminosity classes in the system WBVR are determined. The system is a variant of the Johnson's UBVR system with the revised ultraviolet passband. The intrinsic color indices of both systems are intercompared.
Introduction
It is well known that the ultraviolet U-B index has been illdefined during the introduction of the UB V system. The main shortcomings of the ultraviolet magnitude U and the index U-B have been described several times by one of the authors (Straizys 1963 (Straizys , 1973 (Straizys , 1977 (Straizys , 1983 (Straizys , 1992 Azusienis and Straizys 1966) :
(1) U-B has been reduced to outside the atmosphere neglecting the dependence of the extinction coefficient on spectral type, luminosity and interstellar reddening, (2) the standard U-B system is a combination of two systems with different response functions of the ultraviolet passband, (3) it is not possible to restore the accurate response function of the U passband and this limits the accuracy with which one can obtain the synthetic color indices, color excesses, slopes of the reddening lines, ratios of interstellar extinction to reddening, etc.
(4) the U passband includes the rising part of the Balmer jump, making the U magnitude a bad criterion of intensity of the spectrum to the short wavelengths from the Balmer jump, (5) the ultraviolet filter which has been used to realize the U passband had a considerable leak in the red part of the spectrum; its account for the reddest or heavily reddened stars is of low accuracy, (6) there are considerable systematic differences between U-B determined by various authors due to transformation difficulties from instrumental systems to the ill-defined standard system.
The revised ultraviolet magnitude without the listed shortcomings, designated W, has been proposed by Straizys (1973) . Its response function is completely beyond the Balmer jump and has no red leale. The WBVR system has been verified observationally by Meistas et al. (1975) using the method of reduction to outside the atmosphere proposed by Zdanavicius (1975) . The method gives the extra-atmospheric W-B values with the accuracy of ±0.01 mag. The description of the method in English is given by Straizys (1992) .
At the start of the eighties the system WBVR was realized by Khaliullin et al. (1985) at the Tien-Shan Observatory of the Sternberg Astronomical Institute at Moscow. The result was the Catalogue of the WBVR photometry of 13586 stars down to 7.2 mag of the Northern sky within declinations from the North Pole to -14° (Kornilov et al. 1991) . In this catalogue, the W-B indices have been reduced to outside the atmosphere by an original method based on the calculation of the extinction coefficients by the numerical convolution of the energy distribution functions, response functions and atmospheric transmission functions at the corresponding air mass (Moshkalev and Khaliullin 1985) .
The color indices W-B, B-V and V-R of the Kornilov et al. catalogue are given in the instrumental system with the normalization to zero for the stars of spectral type AO V. The color transformation of these indices to the UBVR system has been investigated by Straizys (1973 Straizys ( , 1992 and Meistas et al. (1975) and to the system UBV by Kornilov et al. (1991) . The transformation of W-B to U-B is strongly non-linear and multivalued. The transformation accuracy of the order of ±0.03 mag can be achieved only in the case when luminosity classes and color excesses of the stars are known. The transformation of Β-V of both the systems is almost linear with some bendings for B-and M-type stars. The transformation of V-R to the Johnson's system is more complicated and requires a parabolic term.
The Kornilov et al. (1991) catalogue is used here for determination of the intrinsic color indices of the WBVR system. The obtained results are compared with the intrinsic color indices of the UB V system.
Selection of normal stars of different spectral types
For the determination of the intrinsic color indices, we have made selection of stars with the normal MK spectral types. The following stars have been excluded from the analysis:
(1) the stars without known MK luminosity classes as well as the stars with intermediate (IV-V or III-IV) luminosity classes, peculiar and binary stars, (2) the stars with a single observation in the WBVR system, (3) the stars brighter than V = 3.0 mag to avoid the large corrections for the non-linearity of the photometer response and other effects; only in the case of supergiants, this limit was lowered to 2.0, (4) the stars with EB-V > 0.40 to avoid possible variations of the interstellar reddening law. After the above limitation, we get 2849 stars which have been used in the further dereddening process. Their distribution in spectral and luminosity classes is given in Figs. 1 and 2. 
Determination of the ratios of color excesses
Color excesses E mi - m2 were obtained from the synthetic color indices m\-rri2 in the following way: and £m,-m¡ = rrii -m2 -(mj -m2)o m1-m2 = -2.5 log J r (-77777 + const.
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Here F(X) are the energy distribution functions of stars of different MK classes from Sviderskienè (1988), Si (λ) and S^A) are the response functions of the passbands from Kornilov et al. (1991), τ(λ) is the standard transmission function of the unit quantity of interstellar dust from Straizys (1992) and χ is the number of dust units. For calculation of m\-m2 of the reddened stars we took χ = 1.0 corresponding to Eb-v -1-0. For calculation of the intrinsic (mi-m2)o, the value of χ = 0 has been taken.
The calculated values of EW-B/EB-V
and EV-R/EB-V for the spectral types represented in the Sviderskienè (1988) catalogue axe given in Table 1 . Together we present the synthetic color indices normalized to zero for a AO V star. Table 1 . Intrinsic color indices and excess ratios calculated from the energy distribution curves 
Dereddening and intrinsic indices
The observed color indices of the selected stars have been dereddened by subtracting their color excess
EB-v = (B-V)ohs-(B-V) o,
where (B-V)O were taken from Straizys (1992) monograph for the corresponding spectral and luminosity classes. The excesses EW-B and EV-R were determined using the ratios of color excesses given in Table 1 (interpolation in some cases was necessary). Color excesses EB-V have been considered to coincide in both the systems. Only the stars with EB-V > 0.02 have been dereddened. The stars, for which (B-V) -(B-V)O was < 0.02 (including the negative values), were considered as being unreddened.
Color indices of both unreddened and dereddened stars have been plotted against spectral types for different luminosity classes (Figs. 3-17 ). All stars of luminosity classes la and lab were considered together. The majority of Β and A supergiants are of luminosity lab, while the G and Κ supergiants are mostly of luminosity lb.
The average lines have been drawn in Figs. 3-17, using the cubic splines. The scatter of dereddened points around the average lines is characterized by the r.m.s. scattering given in Table 2 . The intrinsic color indices counted from the average lines axe listed in Tables 3-5 .
In Fig. 6 the intrinsic line of ( W-F) 0 for B6-A5 luminosity II stars is drawn a little higher than the circles of the three individual stars indicate. These stars lie even lower than the mean line of luminosity lb stars. This contradicts the general dependence of
on the luminosity. Therefore, we decided to take the luminosity lb line to represent the luminosity II intrinsic colors in this spectral range.
In Figs V-R, Β-V diagram. and F stars in the case of W-B, Β-V diagram and among G and Κ stars in the case of V-R, Β-V diagram.
Comparison of intrinsic indices of the WBVR and UBVR systems
Figs. 20-22 exhibit differences between the corresponding intrinsic color indices of the WBVR and UBVR systems as a function of (B-V) 0 . The difference (W-B) 0 -(U-B) 0 shows the same features of the sequences as it was obtained earlier by Straizys (1973) and Meistas et al. (1975) . The W-B index has much larger range of variation for B-type stars and especially for A and F supergiants. In the case of B-V, the differences > 0.05 mag are observable only for K-type supergiants. Color indices V-R of both systems are also very close. 
